Evaluation of the efficacy of bacteriophages against Staphylococcus aureus by Tan, Cheng Siang et al.
Evaluation of the efficacy of bacteriophages  
  against Staphylococcus aureus  
 Nurul Aqilah Aqiludeen1, Siti Fairouz Ibrahim2, Ruixin Tan3, Annabel Gowbei3, Alexander Beemer Mijen3, Santhana Raj L4, and Cheng Siang Tan1* 
1Centre for Tropical and Emerging Diseases, Faculty of Medicine and Health Sciences, UNIMAS, 94300 Kota Samarahan, Sarawak, Malaysia. 
2Department of Paraclinical Sciences, Faculty of Medicine and Health Sciences, UNIMAS, 94300 Kota Samarahan, Sarawak, Malaysia.  
3Microbiology Unit, Department of Pathology, Sarawak General Hospital, 93568 Kuching, Sarawak, Malaysia. 





This research was funded by the Research Acculturation Grant Scheme (RAGS) from 
the Ministry of Higher Education, Malaysia [RAGS/SSK04(1)1037/2013(04)]. 
This study was approved by the National Medical Research Register (NMRR) (NMRR-
13-1779-17325). 
We thank the management of Sewerage Services Department Sarawak for allowing 
waste water sampling from their facility.  
We thank Dr Samuel Lihan, Faculty of Resource Science and Technology (FRST), 




1. Ackermann, H. W. (2001). Frequency of morphological phage descriptions in the year 2000. Brief review. Archives of 
Virology, 146(5), 843–57. 
2. Ackermann, H.-W. (2007). 5500 Phages examined in the electron microscope. Archives of Virology, 152(2), 227–43. 
3. Ackermann, H.-W. (2009). Basic phage electron microscopy. Methods in Molecular Biology (Clifton, N.J.), 501, 113–
26. 
4. Boucher, H. W., & Corey, G. R. (2008). Epidemiology of Methicillin‐Resistant Staphylococcus aureus. Clinical Infec-
tious Diseases, 46(Supp. 5), S344–349. 
5. Chambers, H. F (2001) The Changing Epidemiology of Staphylococcus aureus?. Emerging Infectious Diseases. 7(2) 
6. Howe, R.A.,Bowker, K.E.,Walsh, T.R.,Feest, T.G.,MacGowan, A.P. (1998) Vancomycin-resistant Staphylococcus 
aureus. The Lancet, 351(9102), 602 
7. Kathleen, M. M., Samuel, L., Felecia, C., Ng, K. H., Lesley, M. B., & Kasing, A. (2014). (GTG)5-PCR analysis and 
16s rRNA sequencing of bacteria from Sarawak aquaculture environment. International Food Research Journal, 21(3), 
915–920. 
8. Li, L., & Zhang, Z. (2014). Isolation and characterization of a virulent bacteriophage SPW specific for Staphylococcus 
aureus isolated from bovine mastitis of lactating dairy cattle. Molecular Biology Reports, 41(9), 5829–38. 
9. Lu, Z., & Breidt, F. (2015). Escherichia coli O157:H7 bacteriophage Φ241 isolated from an industrial cucumber fer-
mentation at high acidity and salinity. Frontiers in Microbiology, 6, 67. 
10.Matsuzaki, S., Rashel, M., Uchiyama, J., Sakurai, S., Ujihara, T., Kuroda, M., … Imai, S. (2005). Bacteriophage 
therapy: a revitalized therapy against bacterial infectious diseases. Journal of Infection and Chemotherapy. Official 
Journal of the Japan Society of Chemotherapy, 11(5), 211–9. 
Results 
 
A total of 5 bacteriophages namely ΦNUSA-1 to ΦNUSA-5 were isolated from 
the sewage water and visualized as plaques formation on the double agar 
overlay  (Fig. 1).  
The host range (Fig. 3) of the bacteriophages on 40 clinical isolates showed 
that ΦNUSA-1 to be the most virulent bacteriophage killing 85% of all S. 
aureus strains including 3 of 4 MRSA isolates. The descending host range are 
as follows:   
   ΦNUSA-1 > ΦNUSA-4 > ΦNUSA-5 > ΦNUSA-2 > ΦNUSA-3.   
All bacteriophages isolated were S aureus specific and does not infect the 
representative non– S. aureus strains. 
ΦNUSA-1 with the broadest host range was chosen for further 
characterization.  
The morphology of ΦNUSA-1 in Fig. 2 shows that it is non-enveloped, 
possessing T=16 symmetrical head and contractile tail, consists of a sheath 
and a central tube. It is stable between pH5-10 (Fig. 4) while remains stable 




Staphylococcus aureus (S. aureus) is an opportunistic human pathogen that has the 
ability to cause both health care-associated and community-acquired infections 
(Chambers, 2001). The infections were once, easily treated with antibiotics before 
resistance against beta-lactams (eg. Methicillin) and glycopeptides (eg. Vancomycin) 
began to emerge over the years and caused an increase in mortality and morbidity 
rates in patients infected with S. aureus (Boucher & Corey,  2008, Howe et al., 1998). 
This has led to an increased interest in the exploration of the use of bacteriophages as 
a way to combat multi-drug resistant organisms because bacteriophages has 









The S. aureus specific bacteriophages were isolated from wastewater samples 
collected from Kuching Centralized Sewage Treatment Plant in Sarawak, Malaysia 
using the double agar layer method as described by Li & Zhang (2014) with 
modifications. Either S. aureus ATCC 25923 or S. aureus 995 clinical strain were used 
as host bacteria.  
The bacteriophage isolates were evaluated for their host range activity using the spot 
test method as described by Lu and Breidt, 2015. A total of 40 clinical strains of S. 
aureus including 4 Methicillin resistant S. aureus (MRSA) were obtained from the 
Sarawak General Hospital. A total of 9 representative non -S. aureus strains were also 
used in this study (Kathleen et al., 2014).  
The morphology of the bacteriophage with the most extensive host range was 
visualized under the transmission electron microscope (TEM) according to Ackermann 
(2009) with modifications.  
 
The stability of the selected bacteriophage was carried out as described by Li and 
Zhang (2014). 
Fig. 1 Plaques formation by double 
layer agar method with the observed 
plaque size of 1-2mm of purified 
ɸNUSA-1  Fig. 2 Transmission electron microscope image of ɸNUSA-1 
phage. Micrograph of negatively stained sample with 2% 
Phosphotungstate with magnification at 80, 000x with the bar 
representing 100nm.  Micrograph showing the contractile tail of the 
phage with clear T=16 hexagonal symmetry capsid head clustered 
together through the tail fibers.  
Discussion & Conclusions 
 
Bacteriophage ΦNUSA-1 belongs to the family 
Myoviridae, subfamily Spounavirinae, genus “Twort-like 
viruses” (Ackermann 2001, 2007). 
It is interesting to note that the ATCC 25923 was only 
sensitive to 2/5  of the bacteriophages which suggests 
that ATCC strain of S. aureus may not be the optimal host 
to be used for the isolation of bacteriophages. 
ΦNUSA-1 is stable between pH 5-10 and thermostable up 
to 50⁰C suggesting that the bacteriophage is stable at 
physiologic conditions and at room temperature. 
   
 
 
Fig. 3  Bacteriophage host range. A total of 5 bacteriophage 
isolates were tested against 40 clinical S. aureus and 9 non-S. 
aureus strains using the spot test method. 
Fig. 4 pH  stability test for  ΦNUSA-1. 
ΦNUSA-1  was incubated at different 
pH ranging from pH2 to pH12 for 3 
hours and immediately assayed using 
the double agar overlay method. 
Fig. 5  Thermostability test for ΦNUSA-1 
from 40-60⁰C with the increament of 5⁰C. 
Samples were collected at 10 mins 
intervals for 60 minutes and tested using 
the double agar overlay method.   
